Summary. This work evaluates the conservation status of the 22 species of Lecythidaceae native to eastern Brazil. Assessments based on current IUCN criteria, distribution maps, and an identification key to the native and nonnative species from the area are provided. The results of this study suggest that over half of the species are threatened (vulnerable or endangered), four species should be added to the IUCN Red List, and the status of seven species currently on this list should be changed. It was found that nearly all collections of endangered species are from or occur within 20 km of a reserve, which clearly shows that protected areas are of vital importance for the survival of most endangered Lecythidaceae from this region.
Introduction
Lecythidaceae are found mostly in tropical regions. Worldwide the family comprises approximately 325 species within 22 genera (Prance 2012); 11 genera and around 210 described species occur in the Western Hemisphere (Mori et al. 2010) . Famous for the Brazil nut, spectacular flowers and large-fruited species, this small family is one of the most dominant groups of trees in northern South America (ter Steege et al. 2006 Steege et al. , 2013 . In Brazil, there are 10 genera and around 120 species of Lecythidaceae (Smith et al. 2014) . Approximately 45% of these species are endemic to the country and the main centre of diversity for the family (worldwide) is in the state of Amazonas where there are more than 75 species (Smith et al. 2014) .
Several monographs have been published that include Lecythidaceae species from Brazil (Miers 1874; Knuth 1939; Prance & Mori 1979; Mori & Prance 1990) . The most recent and comprehensive works about the neotropical taxa were published by Prance & Mori (1979) and Mori & Prance (1990) . These works have served as the foundation of subsequent morphological and molecular phylogenetic studies (e.g., Morton et al. 1997; Mori et al. 2007; Huang et al. 2008 Huang et al. , 2015 Mori et al. 2015 ) that resulted in a better understanding of the genera and included some taxonomic changes. For example, Huang et al. (2008) transferred the Cariniana Casar. species (sensu Prance in Prance & Mori 1979 ) with actinomorphic androecia to Allantoma Miers, and the results of a recent study by Huang et al. (2015) suggest that Lecythis Loefl. and Eschweilera Mart. ex DC. (sensu Mori in Mori & Prance 1990) are not monophyletic; however, additional studies are needed to further test this hypothesis. More information about these studies, as well as current descriptions of all neotropical genera and species, can be found on the Lecythidaceae Pages (Mori et al. 2010) .
There are 22 native species (Table 1) in eastern Brazil that occur between the states of Santa Catarina and Rio Grande do Norte (Map 1). Of the 11 genera that occur in the Western Hemisphere, five (Cariniana, Couratari Aubl., Eschweilera, Gustavia L., and Lecythis) are native in eastern Brazil and two non-native genera (Bertholletia Bonpl. and Couroupita Aubl.) are cultivated. The native species range from small trees (e.g., Eschweilera nana (O. Berg) Miers) to some of the tallest trees in South America, which can reach 60 m (e.g., Cariniana estrellensis (Raddi) Kuntze).
Lecythidaceae have some of the most morphologically complex flowers in the world. In eastern Brazil, flowers of this family range from less than 0.5 cm (e.g., Cariniana legalis (Mart.) Kuntze) to over 15 cm diam. (Gustavia augusta L.), can be radially symmetric to highly asymmetric, and many have a unique structure called a ligule that arches over the fertile stamens and provides sterile pollen and/or nectar as rewards to pollinators (e.g., bees). Many of the species have large dehiscent fruits and seeds with arils that are an important food source for bats and monkeys. Others have dehiscent fruits that produce winged, winddispersed seeds (Cariniana and Couratari), and the fruits of Gustavia augusta are indehiscent and have seeds embedded in a pulp that is eaten by mammals (e.g., monkeys).
In eastern Brazil, at least six species of Lecythidaceae are cultivated as ornamentals. Couroupita guianensis Aubl., also known as the cannonball tree, castanha de macaco (Portuguese), or bolo de cañon (Spanish), is the most common ornamental Lecythidaceae. This species is native to Amazonia but is cultivated in botanical gardens worldwide because of its large, unusual flowers and cannonball-like fruits that hang from its trunk. Couroupita guianensis is often found in city parks and as a street tree. Bertholletia excelsa Bonpl. (the Brazil nut), also native to Amazonia, is occasionally cultivated as an ornamental or as a source of edible seeds. At least four species native to eastern Brazil, Cariniana estrellensis, C. legalis, Lecythis lanceolata Poir. and L. pisonis Cambess., are also cultivated as ornamentals in some states (e.g., Espírito Santo, Rio de Janeiro and São Paulo) and C. legalis is considered a symbolic tree in the states of Espírito Santo (Espírito Santo 2000) and São Paulo.
For centuries Brazil has had a largely commodity dependent economy related to the export of agricultural products (Skidmore 1999 ) and the Atlantic Forest in many areas throughout Brazil's coastal states has been depleted as the country has reshaped its landscape to exploit native timber and raise livestock and crops, such as cattle, sugarcane, coffee, Eucalyptus, and Pinus. Today, only 11% to 16% of the Atlantic Forest remains; some of this is secondary forest and less than 10% of this forest is found in reserves (Ribeiro et al. 2009 ). As with many other groups of organisms, the growth of agriculture and urban development in eastern Brazil has had a detrimental effect on the native populations of most species of Lecythidaceae, many of which were harvested for their valuable timber (e.g., species of Cariniana).
There are recent publications that discuss Lecythidaceae from eastern Brazil. Mori (1995) published a review of the eastern Brazilian taxa, which included several new species, Ribeiro et al. (2014) published an article about the species of Lecythidaceae from Espírito Santo State, and the Livro Vermelho da Flora do Brasil (Lima da Venda et al. 2013 ) evaluated nine of the 22 species from eastern Brazil. However, Mori (1995) does not include conservation assessments of the species, Ribeiro et al. (2014) only focuses on one state, and the Livro Vermelho da Flora do Brasil only discusses the status of the Lecythidaceae species on the IUCN Red List (2014). The present study suggests that additional Lecythidaceae species from eastern Brazil should be included on this list and that the status of others should be changed. There- fore, the goals of this article are to provide (1) a review of the conservation status of each species of Lecythidaceae native to eastern Brazil (including extent of occurrence, area of occupancy, distribution comments, maps, and an IUCN assessment based on current IUCN criteria) and (2) an identification key to the 22 native and two non-native species found in this region. For additional information about each species, including detailed descriptions, taxonomic discussions, images of diagnostic characters and representative specimens, consult Mori et al. (2010) .
Materials and methods
The genera and species in this work are based on the monographs by Prance & Mori (1979) and Mori & Prance (1990) , and subsequent morphological and molecular phylogenetic studies by Mori et al. (2007) and Huang et al. (2008 Huang et al. ( , 2015 . To assess the conservation status of each species, all Lecythidaceae specimens from NY (from the study area; Map 1) were reviewed, their determinations were confirmed, and (if possible) those that did not have coordinates in the NY database were georeferenced. The study area (Map 1) included the following states: Alagoas (AL), Bahia (BA), Ceará (CE), Espírito Santo (ES), Minas Gerais (MG), Paraíba (PB), Paraná (PR), Pernambuco (PE), Piauí (PI), Rio de Janeiro (RJ), Rio Grande do Norte (RN), Santa Catarina (SC), São Paulo (SP), and Sergipe (SE).
To better understand the distribution of many of the species, fieldwork was conducted in the states of Bahia, Espírito Santo, Minas Gerais, Paraíba, Rio de Janeiro, São Paulo, and Santa Catarina between 2008 and 2014. The following Brazilian herbaria were also visited during this time: BHCB, CEPEC, CVRD, FLOR, GUA, HUEFS, MBML, R, RB, SP, SPF, UFP, and VIES (Thiers, continuously updated). Collections from the Brazilian herbaria that were not in the NY database and extended the distribution of a species, or represented a rare taxon, were added to the database. All collections used in this study can be consulted on the Lecythidaceae Pages (Mori et al. 2010) .
The final database of specimens was used to generate the maps and conservation assessments, which were mostly based on the extent of occurrence (EOO) and area of occupancy (AOO) of each species. To the best of our knowledge, all collections of cultivated individuals were removed before generating the maps and estimates. It is possible that collections that fall outside of the estimated distributions were overlooked; however, based on years of field and herbarium work the authors believe that this margin of error is small and would not influence the assessments in this work. For species that occur outside of eastern Brazil, EOO and AOO estimates were generated for the entire distribution and for the distribution within the study area. This was done because some species with disjunct distributions (e.g., Lecythis pisonis and Couratari macrosperma A. C. Sm.) might represent more than one taxon. In the future, if one of these species is split, the estimates for only eastern Brazil could be used to reassess the species.
The assessments were based on IUCN criteria ver. 3.1 (IUCN 2014 ). Population size is poorly understood for most species of Lecythidaceae; however, population size of mature individuals was estimated to help determine the status of Cariniana ianeirensis R. Knuth and Lecythis schwackei (R. Knuth) S. A. Mori . This was done because mature individuals of C. ianeirensis and L. schwackei are fairly rare even though these species have AOO and EOO values that suggest they are not endangered.
Lecythidaceae are often misidentified on herbarium sheets, which has led to numerous erroneous determinations within large databases of collections shared by multiple institutions. For this reason, the estimates in this work were based on collections that were identified or confirmed by an expert in the family. The only exception was for collections of Gustavia augusta where data for some collections from eastern Brazil were taken from Species Link (2014). We did this because G. augusta is very difficult to confuse with other Lecythidaceae and our collection data for this species in the Northeast Region of Brazil was sparse even though it is well known that G. augusta occurs in this area.
Locality data for specimens was entered into a project geodatabase that was imported into ArcGIS 10 (ESRI 2010). All specimens with geographic coordinates were projected to a Cylindrical Equal Area projection with the World Geodetic System 1984 datum. Extent of occurrence was estimated for all species by creating a convex hull polygon (using the Minimum Bounding Geometry tool in the ArcGIS data management tools), which was the smallest convex polygon enclosing all specimen localities and had no angles that exceeded 180 degrees (IUCN 2014) . If the polygon included an area of ocean, the area was clipped from the EOO estimation using the clip function in ArcGIS 10 (ESRI 2010; IUCN 2014 ). Area of occupancy was estimated using the Cartographic method by Conglomerates (CMC) (Hernández & Navarro 2007) . This method allowed us to sum each area of conglomerates individually, as well as include isolated single localities that, for this study, were assigned a constant area of 10 km 2 . All maps were created using ArcGIS 10 (ESRI 2010). Maps for each of the species (Maps 2 -23) display the localities of each collection, EEO, and protected areas as provided by the World Database on Protected Areas (IUCN and UNEP-WCMC 2013). Protected areas that occurred exclusively in the ocean were removed. Those that occurred only on land, or both on land and water, were kept so the percentage of collections that occur in reserves could be calculated for each endangered species (see discussion). For the endangered species, a shapefile featuring a 20 km buffer was created around each locality and joined with the protected areas layer to examine the species that do not occur within or near reserves. To create the species diversity map (Map 24), projected specimens were joined with an overlay of one-degree grid cells. The number of species per area was calculated for each of these cells in order to identify centres of species richness.
Species assessments
Cariniana estrellensis (Raddi) Kuntze (1898: 89 IUCN ASSESSMENT: Endangered -EN B1(i, iii).
Couratari asterophora is endemic to Bahia and Espírito Santo (Map 6). Until recently, this species was known only from a few collections and was thought to be extremely rare. Recent fieldwork in northern Espírito Santo has revealed that C. asterophora occurs in some reserves and also grows in disturbed areas near these reserves (Ribeiro et al. 2014 
IUCN ASSESSMENT: Endangered -EN B1(i, iii)+2(iii).
Couratari asterotricha is endemic to Espírito Santo (Map 7). Ribeiro et al. (2014) noted that this species is restricted to the northern part of the state and is only known from a small number of collections, mostly from three reserves, even though there has been a considerable amount of recent fieldwork in this region to collect Lecythidaceae. The EOO and AOO assessments suggest that this species should be moved from critically endangered (IUCN 2014; Pires O'Brien 1998b) to endangered, which agrees with a recent assessment made by Lima da Venda et al. (2013) . However, the distribution and population size of C. asterotricha remain unclear and, therefore, we suggest leaving it as critically endangered until further studies can be made.
Couratari macrosperma A. C. Sm. (Smith 1933: 383 consider the populations in Amazonia and eastern Brazil to be the same species; however, further studies might reveal that these populations represent distinct taxa.
Couratari pyramidata (Vell.) R. Knuth (1939: 129 
Couratari pyramidata is endemic to the state of Rio de Janeiro (Map 9). Our assessment is in agreement with both the IUCN Red List (IUCN 2014; Pires O'Brien, 1998c) and Lima da Venda et al. (2013) . Until recently, this species was one of the most poorly understood Lecythidaceae from eastern Brazil, and was mostly represented by a small number of collections made within or near the city of Rio de Janeiro. Recent fieldwork has shown that C. pyramidata also occurs in additional reserves and submontane regions in the state, but large individuals are rare, even within protected areas.
Eschweilera alvimii S. A. Mori (1981: 469 IUCN ASSESSMENT: Critically Endangered -CR B2ab(iii).
Eschweilera alvimii is endemic to eastern Brazil and known only from the vicinity of Santa Cruz de Cabrália, Bahia (Map 10). The collection points for E. alvimii form a linear area of occurrence, which results in a very narrow bounding polygon and a smaller EOO estimate compared to the AOO. Therefore, only the AOO was used for the assessment of this species. Another assessment of E. alvimii by Lima da Venda et al. (2013) suggests that this species is endangered; however, during our study it was discovered that E. alvimii, as circumscribed by Mori (in Mori & Prance 1990) , probably contains more than one species. Our assessment is only of E. alvimii s.s., which has a much smaller distribution and critically endangered status. Additional fieldwork might reveal that E. alvimii s.s. has a wider distribution, but presently it is only represented by a few collections and should be considered critically endangered until more is known.
Eschweilera complanata S. A. Mori (1995: 16 IUCN ASSESSMENT: Endangered -EN B1ab(iii)+2ab(iii).
Eschweilera complanata is endemic to eastern Brazil and known only from the state of Bahia where it has been collected in the vicinity of Porto Seguro to just north of Salvador (Map 11). E. complanata is not on the IUCN Red List (IUCN 2014) but the low EOO and AOO estimates, as well as the fragmented and continuing decline of its habitat, indicate that this species is endangered. IUCN ASSESSMENT: Endangered -EN B2ab(iii).
Eschweilera compressa is known only from forests around the city of Rio de Janeiro (e.g., in the Tijuca National Forest) and just north of this region (e.g., near Cabo Frio), as well as two recent collections from Espírito Santo (Map 12). This species is presently listed as critically endangered (IUCN 2014) but our estimates, as well as a recent evaluation by Lima da Venda et al. (2013) , suggest that it should be classified as endangered. The habitat where E. compressa grows, especially around Rio de Janeiro, has been severely altered in recent years due to urban development and additional studies are needed to determine how threatened this species is.
Eschweilera mattos-silvae S. A. Mori (1995: 22 IUCN ASSESSMENT: Near Threatened.
Eschweilera mattos-silvae is endemic to eastern Brazil and known only from a few localities between Ilhéus and Salvador, Bahia (Map 13). The low AOO estimate indicates that this species might become threatened if its habitat continues to decline. Eschweilera nana is endemic to Brazil (Map 14). In eastern Brazil this species is mostly concentrated in northwestern Bahia. This species is also fairly common in the Central-West Region of Brazil (e.g., in the states of Mato Grosso and Mato Grosso do Sul) and is mostly restricted to cerrado. but fairly large individuals exist (mostly in protected areas) and were probably more common before most of eastern Brazil was deforested.
Eschweilera tetrapetala S. A. Mori (1981: 467 IUCN ASSESSMENT: Endangered -EN B1ab(iii)+2ab(iii).
Eschweilera tetrapetala is endemic to eastern Brazil and known mostly from forests in the vicinity of Lençóis, Bahia (Map 16). Although it is locally common around Lençóis, E. tetrapetala is a narrow endemic that could reach near extinction if there was severe habitat loss in the future (e.g., from fire). The EOO estimate for this species was higher than the estimate provided by Lima da Venda et al. (2013) , which is probably because our review of specimens revealed there are a few populations outside the vicinity of Lençóis. As suggested by Lima da Venda et al. (2013) , this species should be moved from its current status of vulnerable to endangered.
Gustavia augusta L. (Linnaeus 1775: 17 IUCN ASSESSMENT: Vulnerable -VU B2ab(ii, iii).
Lecythis lanceolata is endemic to eastern Brazil and is a fairly widespread species that occurs from Rio de Janeiro to Pernambuco (Map 19). It is often found as a medium-sized tree in older secondary forest (e.g., Parque Nacional da Tijuca, Rio de Janeiro) and fragments on farms. Large individuals of L. lanceolata are fairly rare but have been recently documented in reserves in northern Espírito Santo (pers. obs. M. Ribeiro, 2014) . This suggests that L. lanceolata was probably a more common canopy tree before most of the primary forest in eastern Brazil was logged. The s p e c i e s w a s p r e v i o u s l y a s s e s s e d a s L o w e r Risk/conservation dependent ver 2.3 (IUCN 2014) . Although this species can be locally common, it is absent from many regions within its EOO, which can be seen in the extreme difference between its EOO and AOO. An AOO estimate below 2,000 km 2 in combination with the fragmented and continuing decline of its habitat indicate that L. lanceolata is vulnerable.
Lecythis lurida (Miers) S. A. Mori (1981: 362 (Map 21). The northern and southern distribution limits of L. marcgraaviana are poorly understood. This species is very common as a small to medium-sized tree in the northern part of its range (e.g., coastal Paraíba) and is less frequent, and often much taller, in the southern part (Bahia and Espírito Santo). This is the first IUCN assessment for L. marcgraaviana, which until recently (Smith et al. 2016 ) was placed as a synonym of L. pisonis by Mori & Prance (1990) . L. marcgraaviana appears to do very well in disturbed areas (pers. observ. N. P. Smith, in Paraíba) and, therefore, the chance of it declining to a threatened status in the near future is improbable. It is suspected that what is referred to as Lecythis pisonis in Amazonia represents one or two species that are different from the L. pisonis population in eastern Brazil. In the future, if L. pisonis is split into more than one species, the population from eastern Brazil will remain as L. pisonis because the type is from Espírito Santo.
Lecythis schwackei (R. Knuth) S. A. Mori (1981: 359) . EOO: 1,896 km 2 . AOO: 9,311 km 2 .
IUCN ASSESSMENT: Endangered -EN D.
Lecythis schwackei is endemic to eastern Brazil and is known only from the states of Rio de Janeiro and Minas Gerais (Map 23). This species was previously classified as Vulnerable D2 ver 2.3 (IUCN 2014) . For this species, we did not use the EOO in our assessment because the collection points form a narrow area of occurrence, which results in a very narrow bounding
